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FOREWORD

1. This mlitary standard is approved for use by the Space
Systens Division, Departnent of the Air Force, and is available

for use by all Departnents and Agencies of the Departnent of
Def ense.

2. Beneficial comments (reconmendations, additions,
del etions) and any pertinent data which may be of use in
improving this document should be addressed to:

USAF Space stens Division, SSDN SDFC
p. 0. Box 92960

Worldway Postal Center
Los Angel es, CA 90009-2960

by using the self-addressed Standardization Document | mpr ovenent

Ero osal (DD Form 1426) appearing at the end of this document or
y letter.
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SECTION 1
SCOPE

1.1 PURPOSE

The purpose of this standard is to specify the design,
performance, and verification requirenents for electrical _
subsystens for space system facilities, including electromagnetic
conpatibility (EMC), electrical power, %Lounding, bondi ng,
shielding, [lightning protection, and TEWMPEST security. hese
requirements are interrelated and interdependent, and therefore
require an integrated approach in the design.

1.2 APPLICATION

This standard is intended prinmarily for use in design and
construction contracts for space system facilities. The
requirenents are applicable to all related facilities including,
but not limted to, |aunch conpl exes, tracking stations, data
processing roons, satellite control centers, checkout stations,
spacecraft or booster assenbly buil dings, and any associ at ed
stationary or nobile structures that house electrical and
el ectronic equipnent. The requirements are not intended to be
applicable to Long Hal |/ Tactical Communication System Facilities

see ML-STD 188-124A). The technical requirements for G ound
upport Equi prent (AGE) used in direct support of space vehicles
are contained in ML-STD-1541. The technical requirenments for
equi pments installed in ground facilities (not a part of the
facility) are contained In ML-STD 461



M L- STD- 1542B ( USaF)
15 NOV 91

TH'S PAGE | NTENTI ONALLY LEFT BLANK



M L- STD- 1542B ( USAF)
15 NOV 91

SECTION 2
REFERENCED DOCUMENTS

2.1 ERNVENT IVENT

Unl ess otherwi se specified, the follow ng specifications,
standards, and handbooks of the issue listed in that issue of
t he Departnent ofDefense Index of Specifications and Standards

(DoD1SS) specified in the solicitation forma part of this
standard to the extent specified herein:

MLITARY SPEC F| CATI ONS:

M L- E-4158 El ectroni ¢ Equi pnent Gound:  Ceneral
Speci fication For

M L-F-15733 Filter, Radio Interference, General
Specification for

M LI TARY STANDARDS:

M L- STD- 188-124 G oundi ng, Bondi ng, and Shiel ding for
Common Long Haul / Tacti cal
Communi cations Systens

M L- STD- 220 Met hod of Insertion-Loss Measurenents

M L- STD- 285 Attenuation Measurenent for Enclosures,
El ectromagnetic Test Purposes, Method of

M L- STD- 461 El ectromagnetic Em ssion and
Susceptibility Requirements for the
Control of Electronagnetic Interference

M L- STD- 462 El ectromagnetic Interference
Characteristics, Measurenment of

M L- STD- 463 Definitions and Systens of Units,'
El ectromagnetic Conpatibility Technol ogy

M L- STD- 889 Dissimlar Metals

M L- STD- 1541 El ectromagnetic Conpatibility

Requi rements for Space Systens
M LI TARY HANDBOCKS:

M L- HDBK- 419 G oundi ng, Bonding and Shielding for
El ectronic Equi pnrents and Facilities

3
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HER ERNVENT MVENTS :

AFM 88- 4 Facility Design & Construction (AIR
FORCE MANUAL 88-4)

AFP 91-38 Mai nt enance of El ectrical G oundi ng
Systems (AR FORCE PUBLI CATI ON 91- 38)

FIPS PUB 94 Cui delines on Electrical Power for ADP
Applications (Federal Information
Processing Standard Publication 94)

NACSI M 5203 (c) Quidelines for Facility Design and
Red/ Bl ack Installation (U
NACSEM 5204 (C) Shi el ded Encl osures (U)

(Cop_i es of specifications, standards, handbooks, draw ngs, and
publications required by contractors in connection with

specified acquisition functions should be obtained fromthe
contracting activity or as directed by the contracting officer.)

2. 2 NONGOVERNVENT DOCUVENTS

The foll owi ng docunents forma part of this standard to the
extent specified herein. Unless otherw se indicated, the issue
in effect on the date of invitation for bids or request for
proposal shall apply.

Anerican National Standards Institute:
ANS| C 84.1-1982 Power Systens - Voltage Ratings for

El ectric Power Systens and Equi pnent
(60 Hz)

Application for copies should be addressed to:

Anerican National Standards Institute,
1430 Broadway,
New York, N. Y. 10018

Nati onal Association of Corrosion Engineers:
NACE Std. RP-01-69 Recommended Practice - Control of

External Corrosion on Underground or
Subrmerged Metallic Piping Systens.
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Application for copies should be addressed to:

Nat i onal Associ ation ofCorrosi on Engineers,
P. Q. Box 218340,
Houston, TX 77218.

National Fire Protection Association:
NFPA No. 70 National Electrical Code
NFPA No. 78 Li ghtning Protection Code
Application for copies should be addressed to:

National Fire Protection Association
Batterymarch Park
Quincy, MA 02269

(Nongover nment standards and ot her publications are normally
avai l abl e fromthe organi zati ons which prepare or which
distribute the docunents. These docunents al so nay be
available in or through libraries or other infornational
services.)

2.3 QRDER OF PRECEDENCE

In the event ofa conflict between the text of this
standard and the references cited herein, the text of this
standard shall take precedence. However, nothing in this
standard shall supersede applicable |aws and regul ations unl ess
a specific exenption has been obtai ned.
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SECTION 3
DEFI NI TI ONS

El ectromagnetic conpatibility (EMC) terns are as defined in

ML-STD-463. (Qher terns are in accordance with the follow ng
definitions:

3.1 FACLITY.

A facility is a building or other structure, either fixed
or transportable in nature, with its utilities, ground
networks, and electrical supporting structures. Al wring and
cabling that is provided under ternms of the facility contract
are considered to be part of the facility. Any electrical and
el ectronic equipnents required to be supplied and installed by
the facility contractor are also part of the facility.

3.2 SPACE SYSTEM FACILITY.

A space systemfacility is an earth-based facility that
houses technical equipnment for the operational support of a
mlitary space system The technical equipnent may be
electrical, electronic, mechanical, optical, or any conbination.

3.3 FAQLITY GROUND NETWORK.

The facility ground network is a network of conductors that
formdirect |ow inpedance paths between earth and vari ous
power, communications, and other equipnents to effectively
extend an approxi mati on of ground reference throughout the

facility. The facility ground network is conprised of four
subsystens as foll ows:

a. Earth Electrode Subsvstem The earth el ectrode
subsystemis a network of electrically
i nterconnected rods, mats, or grids installed in
the earth for the purpose of establishing a | ow
I npedance contact with the earth.

b. Lightning Protection Subsystem The lightning
?(otectlon subsystem is a |ow inpedance path for
ightning energy to the earth electrode subsystem
Air termnals nust be provided to intentiona by.
attract the leader lightning strike. Roof an
down conductors carry the high currents away from
susceptible elements in the facility and limt

volta?e gradi ents devel oped by the %igh currents
to safe levels.
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c. Equipment Fault Pr ion vst em (Facility
Gound). The equi pnent fault protection subsystem
is a set of ground return conductors (green wres)
that provide a current path to structure and the
earth el ectrode subsystem of sufficient capacity
so that protective devices (fuses and circuit
breakers) can operate properly to protect
personnel from shock hazard and equi pnent from
damage. It also enconpasses all earth referencing
of all noncurrent-carrying netallic objects such
as piping, ducts, conveyances, structural steel,
air conditioning equipnment, electric notor
frames, electronic enclosures, etc.

ign
The signal reference subsystem or technical
ground, is a network of conductors that provide
the ground reference for all technical equipnent
used for operational support. It provides the
ground reference for the signal circuits for the
technical equipnent that is related directly to
the mlitary space system It may consist of a
| ow frequency grounding network (single point
rounding), or high frequency grounding network
%nultip0|nt grounding) or a combination thereof.
The signal reference system shall not be used In

lieu of safety ground conductors (green wres) as
a path for fault currents.

3.4 LON FREQUENCY C RCUI TS,

For the purposes of this standard, |ow frequency electrica

and electronic circuits are those that operate in the frequency
range fromdc to 30 kil ohertz.

3.5 HL.GH FREQUENCY C RQUI TS

~In this standard, high frequency electrical or electronic
circuits are those that operate above 30 kil ohertz.

3.6 SINGE PO NT GROUNDI NG

Si ngl e poi nt %rounding is a method of circuit and shield

grounding in which each circuit of the systemor subsystem has

only one physical connection to a ground reference subsystem

ideally at the sane point for a given system or subsystem

Single point grounding is effective only for |ow frequency

circuits where it is applled to prevent return currents from
e

flowng in structural elements resulting |nm%round Io%Bs_and
ground reference potential differences. = Power distribution

circuits utilize single point grounding. (See Figure 1)

8
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3.7 MILLTI PO NT__GROUNDI NG

Mul tipoint grounding is a nmethod of circuit and shield
?rounding whi ch provides multiple | owinpedance paths for high
requency signals to an equi potential plane constituting the

ground reference for high frequency signals and signal
transmssion circuits. Miltipoint groundin requires the
exi stence of an equipotential ground plane ?See 3.8). Miltiple
connections are made to the equipotential plane for high
frequency circuits by the shortest, |owest inpedance nethod.
H gh frequency circuits utilize multipoint grounding to the
earth el ectrode subsystem

3.8 EQUI POTENTI AL PLANE

An equi potential plane is a mass or surface of nmetal (solid
or grldg that offers a negligible inpedance to current flow so
that differences in electrical voltage are mnimzed across the
pl ane (see Figures 2 and %2. An equi potential plane is
consi dered an earth ground for a signal reference subsystem
(technical ground) regardless of its elevation from physical
earth. The equi potential plane has multiple connections to
structural steel and to the earth electrode subsystem

3.9 TECHNI CAL PONER

Technical power is the electrical power supplied to power
circuits of technical equipnment used for the operationa
support of a mlitary space system such as: checkout
equi pnent, test equipnent, communications equi pnment, and data
processing equipnent. Surge |oads and el ectromagnetic
Interference are limted to prevent damage or malfunction of
el ectrical or electronic equipment. Large nmotors required to
operate technical equipnment are not connected to technical
power circuits.

3.10 FACI LI TY PONER

“Facility power is the electrical power supplied to a
faC|I|tY for lighting, heating, air condlthnlni, | ar ge surge
}oads! arge electric notors, and other station-keeping

unctions.

3.11 CATHODI C PROTECTI QN

~A technique to prevent corrosion of a nmetal surface by
maki ng that surface the cathode of an el ectrochem cal cell
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3.12 PRLNARY PONER

~Primary power is the electrical power supplied to a
facility froma utility or generation source.

3. 13 SECONDARY PONER

Secondary power is electrical power that has passed through
a conditioning device such as a transformer or converter

3. 14 UNIL NTERRUPTI BLE POAER SYSTEMS (upSs).

An uninterruptible power systemis a back-up electrical
power systemto provide continuous electrical power for a
period of tinme in the event of the failure the nmain power
sour ce.

3.15 LOWLEVEL SIGNAL LINES

Low | evel signal lines are those that have maxi mum vol t ages
of less than one volt.

10
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SECTION 4
GENERAL REQUI REMENTS

4.1 ELECTRI CAL POAER CHARACTERI STI CS

When commercial electrical power quality or reliability is
not sufficient to neet the programrequirenments, alternate
met hods such as dedicated power generation, power conditioning,
motor generators, or uninterruptible power systens (UPS) shall
be evaluated and utilized as required to neet the program needs.

4.2 ELECTROVAGNETIC COWPATIBILITY.

Facility electrical and el ectronic subsystens and equi pnent
shal | be conpatible with each other as well as with the
techni cal equiprment installed in the facility for support of
space system operations. To achieve this goal with a high
probabi ity of success the inposition of conducted and radi at ed
EMI |imts on the facility equi pnment is required.

4.3 SH ELDI NG

Shielding shall be provided for the protection of circuits,
equi prent, and groups of equi pnent; for el ectromagnetic
conpatibility within the system and to conply with security
(TEMPEST) requirenents.

4.4 FACILITY GROUND NETWORK.

Al space systemfacilities containing electrical or
el ectroni c technical equipnent shall have an earth-referenced
facility ground network. The facility ground network shal
consist of the following electrically interconnected subsystemns:

a. The earth el ectrode subsystem

b. The lightning protection subsystem

c. The equipnent fault protection subsystem

d. The signal reference (technical ground) subsystem

These itens together constitute the total grounding network for
the facility. The grounding of either fixed or nobile
facilities shall conmply with the criteria of M L-HDBK-419

11
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4.5 ELECTRI CAL BONDI NG

El ectrical bonding is the procedure by which the conductive
surface of a conmponent or subassenbly is electrically connected
to another in a manner which provides a | ow i npedance path
between them This reduces the devel opnent of electrical
potentials between the interfacing surfaces for frequencies
capabl e of causing interference. Low inpedance bonding shall
be provided as required for safety, for electromagneticC

conpatibility within the system and to conply with security
( TEMPEST) requirenents.

4.6 FLLTERI NG

Filtering shall be provided for the purpose of establishing
el ectromagnetic conpatibility, TEMPEST, or shielded encl osure

inteigrity._ The design, performance, and testing of EML filters
shall be in accordance wth the requirements specified herein.

12
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SECTION 5
DETAI LED REQUI REMENTS

5.1 ELECTRI CAL PONER

5.1.1 Electrical Power Characteristics. Power quality
requi renents cannot be inposed on conmercial power sources when
these are utilized for space system facilities. [|f commercia
power quality is not sufficient to neet programrequirenents,
power conditioning equi pnent shall be provided. Unless
otherwi se specified, power conditioning equipnent including
mot or generators, uninterruptible ﬁomer subsystens (UPS), and
dc power supplies shall conply with Part 9 of ML-STD-461 and
operate successfully to provide the follow ng power source
envi ronnent :

a. Voltage Regulation 5 percent no-load to
full-load with power factor
ranging from1.0 to 0.8

| aggi ng
b. Frequency Regulation 41 Hertz for 60 to 400 Hz

c. Harnonic Distortion 5 percent tota

d. Transients M L- STD-461 Part 3, Paragraph
5.2

e. Distribution Voltage Standard commercial voltages
in accordance with ANSI C
84.1 shall be utilized, but
not |ess than 480 volts.

f.  Transformer Unl ess ot herw se specified,
the electrical power
transformer shall be a
DELTA-WE configuration

5.1.2 Electrical Power D stribution

5.1.2.1 Technical. Power. The technical power feeders
fromthe main power distribution panel shall be isolated by
separate transformers from facility power feeders. Multi ple
techni cal power transformers shall be used to isolate power
circuits between users and subsystens to provide el ectromagnetic
COﬁEatlbl|lty. User transformers shall be the isolation type.
Techni cal power characteristics shall conply with M L-E-4158.

13
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Cui delines for technical power for conputer facilities are
contained in AFM 88-4 and FIPS PUB 94.

05.1.2.2 Facility Power. Facility power feeders from the
facility main power distribution panel shall be in separate
conduits fromtechnical power feeders and serve separate '
di stribution buses.

5.1.3 Power G ounding.

shal | be grounded to the equipnent fault protection subsystem
only at the service disconnect nmeans, as shown in Figure 1 and
Figure 8. Transformers supplying technical equipnment shall be

of the isolation type gl.E., primary w ndings mechanically and
electrically isolated fromthe secondary winding), wth

el ectrostatic shielding incorporated. Transforners shall be
DELTA-WE. Neutral /return side power switching shall not be

used. Further guidance for power grounding is provided in AFP l
91- 38.

5.1.3.1 primarvy Utility Power. Prinmary power neutrals ‘

5.1.3.2 Secondary Power. Secondary power that is
converted fromprimary utility power shall have dc resistance
i solation of 1 megohm or greater between the secondary and
primary power neasured at the transforner termnals. The
vari ous secondary power subsystens shall have dc resistance
isolation of 1 megohm or greater between each other. Secondary
ower neutrals shall be single-ﬂoint grounded to the equi pnent
ault protection subsystemat the transfornmer or at the |oad as
sKstenlreqU|renents dictate. Sensitive electronic equipnent
shal | be powered through a shielded isolation transfornmer to a
techni cal equi pnent bus.

5.1.3.3 “uroung -ault cCiwxcurr|nterrupters. Receptacle
outlets for 120-volt Single phase &15- and 20- anpere) shal
have ground fault circuit interrupters (GFCIs) wnere required
for personnel protection by the National Electrical Code,
Articles 210 and 215, (NFPA No. 70).

5.1.3.4 power Sources. Rotary or other power sources
shal| have their frames and cases bonded to the equipnent fault
protection subsystem Load current and voltage unbal ance anong
phases shall be limted as indicated in FIPS PUB 94.

5.1.3.5 Thernostats and Heaters. The control of prinary
power by a thernostat is permtted only through a relay; the
relay shall be EM supBressed and shielded. The relay and
t hernmostat case shall be referenced to the equipnment fault
protection subsystem The netal case of the associated
step-down transfornmers shall also be referenced to the
equi pnrent fault protection subsystem  Connections between a
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thernostat and the control relay shall utilize a shielded
twisted pair of wires, with the shield grounded at both ends,
The shield shall not be used to carry current intentionally.

5.1.3.6 Small Power Tools. Spmall power tools shall have
a case ground connection provided fromthe tool chassis to the
wal | receptacle or shall be double insulated.

0 5.1.3.7 Shop Equipnent. Al itens such as notor case
equi pnent frames shal|l be bonded to the equi pment fault
protection subsystemin accordance with requirenents stipul ated
In M L- HDBK- 419.

5.1.3.8 Voltage Requlators and Transforners. \oltage
regul ators and transformers used for voltage regulating Shall

have their frames and cases bonded to the equi pment fault
protection subsystem

5.1.3.9 Power Control and Switching Equipnment. Al
power circuits, switch gear, notor control, and control center
di stribution panels shall be bonded, shielded, and grounded to
provide for the attenuation of radiated interference. All
nmetal parts shall be bonded to the equi pnment fault protection
subsyst em

5.2 ELECTROVAGNETI C COVPATI BI LI TY.

5.2.1 Facility Interference Limts Unless otherw se
specified, the conducted and radiated requirenments of
L- STD-461 shall apply as follows to facilities electrical
equi pnent :

a. Parts 1 and 3 for Fixed and Mbile G ound
Facilities Equipment (Cass A3). See Table 4-1
of ML-STD 1541 for Types of Equipment.

b. Parts 1 and 7 for Noncritical Gound Areas (d ass
B - Shop Equi prent)

c. Parts 1, 9, and 10 for Electrical Power Equipnent
(Such as generators and UPS)

Commerci al off-the-shelf (COTS) equipnent that is installed
as a part of a facility shall neet the requirenments specified
in Part | of ML-STD 461.

5.2.2 EMC Testing. Conpliance with Paragraph 5.2.1
requirements shall be determned by tests perfornmed in
accordlance wth ML-STD- 462 or contracting officer approved
test plans.
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5.3 SH ELD NG

5.3.1 Ceneral. Shielding shall be utilized along wth
other basic interference control measures such as filtering,
W re separation, wire twisting, circuit |layout, spectrum
control, and fnquency assi gnment to achieve el ectronmagnetic
conpatibility within and between systems. The degree. of
shiel ding shall be determned by the systens eng|%eer|ng
analgsis process to neet the requirements of this standard and
of the system

5.3.1.1 Wre Shieldinag.

- 5.3.1.1.1 Ceneral. A double, triple, or solid conduit
shield shall be used where a single overall shield is not
adequate.  Shields shall not be used as intentional current-
farrylng conductors, except for high frequency transm ssion

i nes.

5.3.1.1.2 Gounding. Hgh frequency shields (coax,
twinax, shielded twisted pairs, and nulticonductor cable
shields) shall be grounded at both ends and at every point
where a discontinuity exists at metal enclosures. Low
frequency circuit shields shall be grounded at one end only; at
the source end for interference-generating circuits and at the
| oad end for interference-sensitive circuits. The shield shal
maintain continuity through netallic enclosures and panels.
H gh frequency shields shall be grounded circunferentially to
or inside connectors or equipnent enclosures with no
discontinuities in the external shield.

5.3.1.1.3 Isolation. Except for solid conduit shields,
shields shall be isolated fromeach other and fromany netallic
conponent by at |east 1 megohm gdc) when shield grounds are
lifted. Except as may be specitied in the contract, solid
conduit shields shall not be isolated fromeach other or from
structure.

5.3.1.1.4 Wre and Cable Routing. The routing and
| ayout of wires and cables shall be perfornmed in a manner that
does not jeopardize the integrity of the equipnent shield.
Cables or wires carrying high level signals shall be routed a
mninmumof 0.1 neters (4 inches) fromlevel power signa
lines. Power |ines shall be separated fromsensitive digita
or other susceptible circuits. Power distribution wiring shal
be in steel conduit, cable trays, or raceways.

5.3.1.2 Shielded Equipnent Encl osures.
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5.3.1.2.1 Materials and Wrkmanship. Equi nt shields
shal | be constructed of materials that prOV|8e Pﬁg requireg
attenuation of electromagnetic interference. \aterials shall
be corrosion resistant and conpati bl e as defined by

ML-STD-889. Materials and workmanship shall be in accordance
with M L- HDBK-419.

5.3.1.2.2 Gaskets. Conductive gaskets, finger stock, or
ot her sealing devices shall be installed on all doors, covers,
joints, seams, or other closures that require frequent opening
to the extent necessary to provide el ectronmagnetic
conpatibility in their intended environment. Door . seal i ng
devi ces shall withstand 10,000 open-cl ose cycl es wi thout
mai ntenance and retain the required attenuation. Beyond 10, 000
cycles, maintenance procedures and periodic testing to retain
the required attenuation shall be devel oped and docunented.

5.3.1.2.3 Filters Filters shall be installed where
required for interference control on power, control, and signal
lines in a manner that maintains the integrity of the shiel
Filters shall comply with the requirenments of M L-F-15733 and
Paragraph 5.5 of this Standard.

5.3.1.2.4 Access or Ventilation Openinmas. ALL access or
ventilation openings shall be covered In accordance Wwth the

criteria of M L-HDBK-419.
5.3.1.3 Shielded Roons.

5.3.1.3.1 CGeneral. Shielded rooms shall be provided
when required for the control of National Security Information
(Red/Black Criteria) signals or to provide a quiet
el ectromagnetic environnment for operation or testing of
el ectrical and electronic devices. Shielded roons shall neet
the requirenents of this standard as well as the requirenents
of Appendi x B of NACSEM 5204 and Appendix 0 of NACSIM 5203
The attenuation requirenents of the shield room walls, doors,
and penetrations shall be as specified in the above referenced
documents or as specified in the contract. Wl ded roons shall
be wel ded by neans of the Metal-Inert Gas (MG arc welding
process. \Welders shall be certified for the MG wel di ng
process. ’

5.3.1.3.2 Doors. Doors that utilize finger stock shal
be of the recessed contact design. The recessed contact shal
provi de protection and wi ping action shall be provided to
maintain a |low inpedance contact. The cycling and nai nt enance
requi renents of Paragraph 5.3.1.2.2 shall apply.
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5.3.1.3.3 Gounding. Internal and external grounding of
the circuits and the shielded roomshall be in acgordancegmﬁth
Figure 4 and ML-HDBK-419. H gh frequency groundi ng inside the
shi el dedroom shall be by welding to the i'nside of the shielded
roomwal 1. If low frequency (single point) grounding is
requi redi nsi de shielded areas, it shal| be provided by the
user, and the ground shall be at a single point as shown in
Figure 4. The exterior of the roomshall be Prpunded to the
earth electrode subsystem and structure at multiple points.
Cabl e size shall be in accordance with Paragraph 5.4.1.6.

~5.3.1.3.4 Transforners scada™ilte rs. Transforners and
filters may be [ocated on either the outside or iInside wall of

the shielded room The external enclosures of these units
shall be bonded to the shield wall in either case.

5.3.1.3.5 Penetrations. Penetrations shall be made in a
manner which nmeets the operational function while maintaining

t he integritK of the rRrshield. Al shielded room penetrations
shall meet the requirenments of Appendix B of NACSEM 5204 and
Appendi x 0 of NACSIM 5203: Warranty requirements of these
docurments shal | apply.

5.3.1.3.6 Quality Assurance. Al seans and penetrations
shall be tested during construction to validate seam wel di ng
qual ity by neans of "sniffer" type EML test equi pnent that has
been approved by the contracting officer.

5.3.1.3.7 Testing. iThe shield attenuation testing shall
be performed in accordance Wwth M L-STD 285, M L-STD 220 and

Appendi x B of NACSEM 5204.  Test frequencies and test point

| ocations shall be as specified in the contract, or in a test
pl an approved b% the contracting officer. The receivin
antennas shall be positioned and oriented for naX|nunmngna

pi ckup.
5.4 FACLITY GROUND NETWORK.
5.4.1 Earth Electrode Subsystem

_ 5.4.1.1 Ceneral. An earth electrode subsystem shall be
installed at each space systemfacility to provide a | ow

I mpedance path to earth for lightning and power fault currents,
and to ensure that hazardous voltages do not occur within the
facility. This subsystem shall be capable of dissipating to
earth the energy of direct lightning strikes with no ensuing
damage to itself. This subsystemshall also interconnect al
driven el ectrodes and underground netal objects of the
facility. The earth el ectrode subsystemfor either fixed or
nmobile facilities shall be designed in accordance with

M L- HDBK- 419.
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5.4.1.2 Earth Resistivitv Survey. The design ofthe
earth el ectrode subsystemshall be based on an earth _
reSIStIVItK survey conducted at the site prior to the detailed
design. The magnitude of earth resistivities shall be neasured
and recorded. Natural features such as rock formations and
underground streans, as well as man-made features that have an
effect on earth resistivity, shall be recorded. This data
shal | be documented as a part of the facility design data.

5.4.1.3 Resistance toEarth. The dc resistance to earth

of the earth electrode subsystem shall be 10 ohnms or |ess.
Lower earth el ectrode subsystemresistance shall be considered
for areas that have high |ightning incidence to |ower the

Br obability of equipnent damage. \Were 10 ohns or | ess cannot
e obtained with the basic electrode configuration due to high
soil resistivity, rock formations, or other terrain features,
alternate methods for reducing the resistance to earth shall be
considered. These considerations include, but are not |imted
to, the follow ng

a. I ncreasing the nunber of ground rods.
b. Use of |onger rods.
C. Use of horizontal wires or grids instead of

vertical rods.

d. Lowering of the soil resistivity through chem cal
enhancenent. (See AFP 91-38)

This Standard, M L-HDBK-419, and M L-STD 188-124 do not
recommend the use of deep wells for the achievenent of |ower
I npedance to earth. Deep wells do achieve |low dc resistance,
but have very snall benefit in reducing ac inpedance. The
obj ective of the earth el ectrode subsystemis to reduce ac and
dc potentials between and wi thin equipnents. |f deep wells are
utilized as a part ofthe earth electrode subsystem grounding
net, the other portions of the facility ground network shall be
connected to them

|f a separate power source (substation) earth el ectrode
subsystemis utilized, the resistance to earth shall not exceed
10 ohns. M L-HDBK-419 provides further information on earth
el ectrode subsystens design and the reasons therefore.

5.4.1.4 Earth Electrode Subs%sten]ggqfiquratiqn. The
basic earth el ectrode subsystemshall consist of driven ground
rods uniformy spaced around the facility and placed 0.6 to 1.8
meters (2 to 6 feet) outside the drip line of structures. The
rods shall be interconnected with nunber 4/0 AWG (Anerican Wre

Gage) bare copper cable buried at least 0.6 meters (2 feet)
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bel ow grade (see Figure 5 and 6). The interconnecting cable
shal | be wel ded to each ground rod and close on itself to form

a conplete | oop. MIL-HDBK-419 provides additional guidance for
the design of earth electrode subsystems. Al| structural stee
colums shall be connected to the earth el ectrode subsystem by
nﬂq?%; 470 AWG bare copper cable and all connections shall be ‘
wel ded.

5.4.1.5 Gound Rods. Gound rods shall be copper clad
steel, a mnimumof 3 neters (10 feet) in length, spaced apart
not more than twice the rod length, and shall not be less than
19.0 nillimeters (0.75 inches) in diameter. Difficult |
installation conditions may require shorter rod lengths. The
t hi ckness of the copper jacket shall not be less than 0.3
mllimeters (0.012 inches). |f deeper rods are required to
meet the earth resistivity requirenents of Paragraph 5.4.1.3,
threaded rod extensions of the same specifications may be
used. Extension joints shall be welded.

5.4.1.6 Qound Conductors. The lightning down _
conductors, the signal reference conductor, and the equi pnent
fault protection conductors shall be welded to the earth
el ectrode subsystem  The cross sectional area of the ground
conductors shall be 2,000 circular mls per running foot (3.32
square mllimeters per neter) and shall not be smaller than
nunber 470 AVG

5.4.1.7 Power Transforner Gounding. UWility power
shal | be ?rounded to the earth el ectrode subsystemonly at the
neutral of the secondary of the subsystemtransforner or
service disconnect as required by NFPA 70.

5.4.1.8 Guound lsolation. Low frequency signa
reference subsystems (technical ground) shall be isolated from
ot her ground subsystens except at connection to the earth
el ectrode subsystem

5.4.1.9 Service Structures.. Mtallic structrnes, such
as service towers, unbilical towers, and cherry pickers, shall
be connected to the nearest earth el ectrode subsystem ground
pl ate by nunber 4/0 AWG bare copper cable or tubing. The
groundi ng cable shall be as short as possible and not exceed 30
meters (100 feet).

5.4.1.10 Service Structure Tracks. The roll-back tracks
shal | be grounded by connecting a nunber 4/0 AWG bare copper
cable or equivalent tubing to the nearest earth el ectrode
subsystem ground rod, cable, or plate. The groundin
conductors shall be as short as possible and not exceed 30
meters (100 feet), and nust neet the criteria of paragraph
5.4.1.6.
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5.4.1.11 Launch Pad Structure. -The |aunch pad structure
shall be electrically bonded in accordance wth %aragraph 5.6
and shall be grounded to the earth el ectrode ground subsystem
by number 4/0 AWG (m ni num) bare copper cables. The grounding
cabl es shall be as short as possible and shall nust né%t 30
meters (100 feet).

5.4.1.12 PassasewAys. The hanmgeneous bondi ng of the
metal network of the interconnecting passageways shall be
grpunded by connecting the network of passageways to the
ui I ding structure by nunber 470 AWG bare copper cable. The
groundi ng cabl e shall be as short as possible and shall neet
the criteria of paragraph 5.4.1.6.

5.4.1.13 Security and Perineter Fencas.. ALl securitg
and perinmeter fences shall be grounded according to procedures
outlined in M L-HDBK-419.

5.4.1.14 Cathodic Protection. Cathodic protection of
under ground pi pes or structures shall be designed and installed
I n accordance with the gui dance provided in M L-HDBK-419 and
NACE Standard RP-01-69. Cathodic protection subsystens shal
be isolated fromthe earth el ectrode subsystem

5.4.1.15 Testing.

5.4.1.15.1 Resistance Measurenents. The resistance to
earth of the earth el ectrode subsystem shall be neasured by the
fall of potential nethod (see M L-HDBK-419) during dry surface
soil conditions prior to conpletion of construction of
structures, in order to conP y with the requirenments of
Paragraph 5.4.1.3. Dry surtace soil is defined as no rainfall
during the previous three-day period. Under dry surface soi
conditions, it is recomended that resistance to earth
measurenments be nmade at least at three nonth intervals for the
first year and at 21 nonth intervals thereafter. For
additional test information, see M L-HDBK-419.

5.4.1.15.2 Cathodic Protection. Cathodic protection _
subsystens shall be tested for conpliance, and maintained, using
the criteria and nethods established by NACE Standard Rp-01-69.

5.4.2 Liahtninu Protection Subsvstem

5.4.2.1 Buildinas and Structures Li ghtni ng protection
shal | be provided for all space systemfacilities and
structures including, but not limted to, substations,
techni cal equi prent buildings, towers, antennas, and nasts.
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5.4.2.6 Exterior Wres and Cables.  Corrosion-protected
steel conduit shall beusedto enclose all external power g,
signal |ines above O below ground to shield against lightning
or Tightning-induced currents and voltages. Junction boxes
shal | "beelectrically bonded to the conduit. The canduit shall
be connected to the earth electrode subsystem at eacch end, and
have ground rods at 15 neter (spfoot?_ intervalS.  The use of
fiber optic cables to guard against |ightning mduce& voltage
is recommended for external signal circuits. " |f fiber optic

cables are not used, the circuit protective devices of
Paragraph 5.4.2.8 are required,

- 5.4.2.7 Bonds. Al bonds between elements of the
lightning protection subsystem shall be welded or brazed. Al
stlr(ljjlctural steel nenbers “shall be bonded to each other by
wel di ng.

. 5.4.2.8 Lightning Transient Protection. Al power and
signal circuits that may be damaged or malfunction as a result
of "I'ightning-conducted or induced transients shall be protected
agai nst pul ses that have the characteristics as specified in

ML-E-4158. Information on voltage limtations and surge
protecting devices is contained in ML-HDBK-419. Power and
signal lightning arrestors shall be installed in accordance

wth the tional Electrical Code and M L-HDBK-419.
5.4.3 Equipment Fault Protection Subsvstem.

5.4.3.1 Ceneral. The equipnent fault protection
subsyst em groundi ng conduct or (green wire) protects personnel
from hazardous voltages, prevents static charge buildup, and
provides a return conductive path for fault currents back to
the power source so that the protective circuit breaker or fuse
can clear faulted current. To protect personnel and equi pment
from hazardous voltages, all exposed netallic elements and
encl osures of electrical or electronic equipnment shallbe
connectedtothe earth el ectrode subsystem by neans of the
green wire. A ground bus shall be provided in all electrical
equipment cabi nets, power panels, and swtch gear cabinets, and
a geparate CONNecting grounding.conductor (green wire) shall be,
carried wthi rjrhthe stanlel ciqndwth c|>rI racewlay as”t]htehac Power
conduct ors. € Installation sna conply w €
requlllrerrents of Article 250 of the NFPA Wo. 70. Useful
guidance i nformation 1S provi ded In ML-HDBK-419. A typical
equipment faul t  protection Subsystem conductor arrangenent is

shown in Figure 8.

5.4.3.2 Conduit, Pipes and Tubes. Metallic conduit,
pipes, andtubesshall beel ectrically . continuousandshall be
grounded to the equi pnent fault protection subsystem grounding
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network as shown in Figure 8. Al conduit, whether used for

power, signal, or control wires, shall use lock nuts. along with
conductive lubricants to provide continuous conductivity.

Condui t brackets and hangers shall be electrically continuous
to the conduit and to the metal structures to which they are
attached.

5.4.3.3 Cable Trays and Raceways  The individual
sections of cable tray assenblies and raceways shall be
electrically bonded to each other and to the structures that
support them Al cable tray assenblies and raceways shall be
connected to the equipment fault protection subsystem within
0.6 meters (2 feet) of each end of the run and at intervals not
exceedi ng 15 neters (50 feet) al ong each run

5.4.3.4 Equipment Enclosures. Al electrical and
electronic wring, distribution equipnent enclosures, and the
frames of electrical equipnent, such as notors, generators, and
filters shall be connected to the equipment fault protection
subsystem ground network as shown in Figures 8 and 9.

5.4.4 Signal Reference Subsystem (Technical Gound)..

5.4.4.1 General A signal reference subsystem _
(technical ground) shall be provided at each facility in which
el ectronic equi pnent is installed to provide the ground
reference connection fromthe earth el ectrode subsystemtgall
signal circuits in the technical equipment used for operational
support.  Si gnal circuits are grounded to contr ol static
charges, control electromagnetic interference, and establish a
common reference for signals between sources and | oads.
Additional information on the design of signal reference
subsystens is contained in ML-HDBK-419 and Appendix B of
M L- STD-188-124.  Communi cation and data cabl es between
sensitive electronic equipnents shall be referenced to signal
gro_und via surge arrestors where indicated as determned Dy
esi gn anal ysi s.

5.4.4.2 Low Frequency Circuits. The signal reference
subsystem (technical ground) for low frequency signal Clrcuits
(fromac to 30 kilohertz) shall be connected to the earth
el ectrode subsystem at one point only (single poi ntL) ar?d shal |
be configured to mninmze conductor ‘path |ength. Ow Trequency
groundi ng pl ates shall be isolated fromstructure by at |east
one megohm Dy test when neasured with the ground cable
di sconnected. This grounding technique reduces Stray currents
(primarily 6o Hertz) which mnimzes voltage potentials between
points on the facility, thus mnimzing common node . .
I nterference between power and si %nal cifeuits . or additiona
gui dance, consult M L-HDBK- 419. ower distribution boxes may
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be grounded to structural elements. Power and |ow frequency
signal circuits utilize separate paths to this earth electrode
subsystem

5.4.4.3 Hiqh Frequency Circuits. The signal reference
subsystem or technical ground, for higher frequency signal
circuits (above 30 kilohertz) requires an equipotential ground
plane. Digital circuits are considered higher frequency
circuits. Figures 2, 3, 9, and 10 provide information on
typi cal equipotential ground planes and how equiprment is to be
connected to it. If the equipotential plane is inbedded in
concrete, stub-ups as shown in Figure 10 or equivalent shall be
available at five foot intervals in both directions. The
equi potential ground plane shall be connected to the facility
structure at multiple points. Various configurations can be
used based on the frequencies involved, such as cggper grids,
structural steel elenents, the reinforcing rods (Rebar), or
flat copper sheets that can be installed under or over
equi pment.  Equi pment cabinets shall be connected to the
equi potential plane and become a part of the equipotentia
plane. Chassis shall be connected to the equipnent cabinets
and all conponents, signal return |leads, etc., shall be
connected to the chassis. Connections from technical equipnent
to the equipotential ground plane shall be as direct as
ossible and shall wutrlize |ow inpedance qround straps. High
frequency equipotential ground planes shall be designed and
installed in accordance with ML-HDBK-419. Technical ground
plates for multipoint grounding shall be welded directly to the
equi potential plane where ever possible or to substantia
metallic structure in the |local area, or connected to a |ocal
common ground point which includes a |ow resistance conductor
to the equipotential plane. The equipotential plane shall be
termnated to the earth electrode subsystem to assure personne
safety and a |ow inpedance path for low and high frequency
si gnal s.

5.4.4.4 Equioments Containin High ar
Signal Circuits. Equiprents that have both high and |ow
frequency circuits and nust share a common ground because of
gbiﬁnorconstructlon requi renents, shall be grounded as
indicated for high frequency equiprments as outlined in
M L- HDBK- 419.

5.5 ELLTERS.

5.5.1 General. This section of the standard establishes
the requirements for EML filters utilized for electromagnetic
corrﬁatl bility (EMC), National Security Requirenents, or

S

i el ded enclosure integrity and enconpass%%tthe dqs

I cal socinalt ors

performance, and testing of” EML filters.
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5.6 BONDI NG

5.6.1 Ceneral. Bonding is the process by which a | ow
i npedance path for the flow of electric current is established
between two netallic objects. Facilities containing electrical
or electronic equi pnent shall be constructed so that
i nterconnections between netallic objects prevent electric
shock hazards, provide lightning protection, establish
references for electronic signals, and reduce EMI. The joints
shal | be protected against corrosion or other means of
degr adat i on.

5.6.2 Corrosion Protection. Bonds shall be galvanically
conpatible as defined by ML-STD-889. Bonds shall be protected
agal nst weat her, corrosive atnospheres, vibrations, and
nmechani cal danage if the possibility of exposure to these
environnents exist where they are located at the facility.

5.6.3 Bond Straps. Bonding straps installed across
shock nounts or other suspension or support devices shall not
i npede the performance of the nounting device and not suffer
metal fatigue or other neans of failure. H gh frequency bond
straps shall have a width-to-length ratio of at least 1 to 5 to
provide |low RF inpedance. Were two itens are to be bonded
that nust renain paPabIe of movenment by either turning,
twisting, or partial rotation, a solid |amnated or braided
type strap shall be used. Properly shaped copper straps may be
used for applications requiring noderate novenents; beryllium
copper or phosphorous bronze straps should be used for ﬂreater
movement. Al bonding shall nmeet the criteria established by
M L- HDBK- 419.

5.6.4 Bond Resistance. Bonds for ground conductors
whose primary function is to provide a reference for power
circuits, electrical equipnent, control circuits, signal
circuits, or to provide lightning protection shall have a
maxi mum resistance of 1 mlliohmor less. The resistance
across joints, seans, or RFI seals in netallic menbers required
to provide el ectronmagnetic shielding shall also be 1 mlliohm
or less. Facility netallic structural nenbers shall have a
maxi mum bondi ng resi stance of 10 mlliohnms or |ess between

ioinin menbers.  Such structures shall include, but not be
imted to:
a. Building metallic support structures.
b. Mechani cal fixtures such as air conditioning
ducts, water lines, hydraulic lines, air I|ines,
fuel lines, stairs, and railings.
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C. Metal lic pipes, conduits, cable trays and
supporting structures.

d. Movabl e pl atforns, hinged doors, and ot her
novabl e devi ces.

5.6.5 Welding. Structural steel nenbers shall be wel ded
at |east one place to joining nenbers. [f the reinforcing rods
aer ;sed as an equipotential plane, each rod crossing shall be
wel ded.

- 5.6.6 Brazing and Silver Soldering. Wlding, brazing or
silver soldering shall be acceptable for the permanent bonding
of copper and copper alloy materials for applications inside
structures. For external (outside) applications, including
bel ow-earth |evel, welding shall be used. Alternate nethods
require contracting officer approval

5.6.7 Bonding of Copper to Steel. Either brazing or
exotherm c welding shall be used for the permanent bonding of
copper conductors to steel or other ferrous structural nenbers.

. 5.6.8 Structural Steel., The structural steel and
reinforcing steel rods ofa structure, such as |aunch pads,
facility buildings, tracking stations, and safety shelters,
shall be bonded to the earth electrode ground subsystem | ocated
underneath or near the facility.

5.6.9 Metal Passaaewavs. Metal passageways shall be
designed to provide a maxi mum dc resistance of 50 mlliohns
between any two points on a passageway.

5.6.10 Facility Structural Steel, The structura
framework and reinforcing steel shall be bonded to provide a
si ngl e honogeneous construction with a maxi mum dc resistance of
50 mlliohms between any two points of the interconnected
structural menbers.

5.6.11 Myvable Mtallic Itens. Movable articles, such
as sliding equipment, novable platforms, metal doors, and
hi nged panels, shall be provided with flexible bonding straps
to ensure a maxi num bonding dc resistance of 10 ml!liohns
across any one bond.

5.6.12 Bond Protection. Bonds shall be protected
agai nst weat her, corrosive atnospheres, vibrations and
mechani cal damage.  Under drg conditions, a corrosion
preventive or sealant shall be applied within 24 hours of
assenmbly of the bond materials. der high humdity
conditions, sealing of the bond shall be acconplished
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imediately after joining.- Each bonded joint shall be
Brotected agai nst corrosion by assuring that the metals to be
onded are galvanically conpatible. Bonds shall be painted
with a nmoisture proof paint or shall be sealed with a silicone
or petrol eum based seal ant to prevent noisture fromreaching
the bond area. Bonds which are |located in areas not reasonably
accessi bl e for maintenance shall be sealed with pernanent
wat er proof conpounds. Iridited or other simlarly protected

bonds do not require painting to meet the requirenents of this
standard.

5.6.13 (Compression Bonds in Protected Areas. Subject to
t he approval of the contracting officer, conBression.bonds
bet ween coPper conductors or between conpati bl e al um num al | oys
which are |located in readily accessible areas not subject to
weat her exposure, corrosive funmes, or excessive dust may not
require sealing.

5.6.14 Bonding Tests.

5.6.14.1 ili ' Test.. A bonding resistance
test shall be performed on all metal structures. Joints
requiring bonding, whether by junper or clanmp-on netal-pressure
fixture, shall be tested, but It Is not necessary to test al
joints individually. The nunber and location of the facility
ondi ng tests shall be as approved by the contracting officer.

5.6.14.2 Bondina, lniats. Al structural steel elenents
shal |l be bonded and connected to the earth el ectrode
subsystem  The facility bonding test shall include
measurenents of these items. Critical bonding joints are
defined as those connecting sensitive electrical and el ectronic
equi pment encl osures, cable trays to and fromthese areas, and

all protection subsystems (for fault currents and |ightning)
and their connections to ground.

5.6.14.3 Test Equipment. An acceptable piece of
equi pment for performng a test is the Shallcross Manufacturing
co. lowresistance test set, Type 673A or 673D. Equi val ent
equi pnrent may be substituted. -

5.6.14.4 Test Proredure. Testing shall be perforned
during all states of facility construction and subsystem
installation. One lead of the test instrunent shall be
connected to one bonded interface and the other |ead connected
to an adjacent level. A second set of neasurenents shall be
made at the conpletion of construction to determ ne the

over-all resistance of various Loints on the bonded structure
to the nearest counterpoise stub-up connection. A random

"proof of bonding integrity" test shall be required at
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accept ance. The testing shall be perforned in accordance with
the test procedures in M L-HDBK-419. Periodic naintenance
i nspection and testing shall be perforned per M L-HDBK-419

5.6.14.5 Success Criteria. Any single critical joint
nmeasurenment shall exhibit a dc resistance of 10 milliohnms or
l ess and the dc resistance from any point in the bonded
structure of the various control roons to the nearest earth
el ectrode ground plate or rail shall be 100 mlliohnms or |ess.
No single structural steel joint shall exceed a maxi mum
resistance of 10 milliohnms dc. Power, signal, control, and

| i ght ni ng subsystem bonds shall have a resistance of 1 mlliohm
or |ess.

5.6.14.6 Data Requirements A record shall be kept of
the neasurenents of all points made in each area. These records

shal | be coded so that any desired ngasuren%nt poi nt can Re
relocated easily for later verification. These records shal
be maintained for at |east 5 years.

5.7 oNaTional  SECURITY INFORMATION_(RED/BLACK_ _EQUIPMENTS).

Unl ess otherwi se specified, the facility grounding, _
filtering, bonding, and shiel ding requirements associated with

National Security shall be in accordance with NACSIM 5203,
NACSEM 5204, and M L-HDBK-419. NACSIM 5203 refers to

M L- HDBK- 419 for RED/ BLACK signal grounding.
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SECTION 6
NOTES

The contents of this Notes section are not conpliant.
The notes are intended for use by Government Acquisition
personnel for guidance and information only.

6.1 L INTENDED USE

This standard is intended for use in acquisition contracts
for selected space system facilities. The requirenents are
applicable to all related facilities including, but not limted
to, launch conplexes, tracking stations, data processing roons,
satellite control centers, checkout stations, spacecraft or
booster assenbly buil dings, and any associated stationary or
mobi | e structures that house electrical and electronic
equi pnent .

Note that this standard would not nornmally be used in the
acqui sition of other types of facilities and equi pnent, such as
Long Haul / Tacti cal Conmuni cations Subsystens (which are
addressed by ML-STD 188-124). However, there may be other
types of facilities and equi pment, where the speci al
consi derations stated in this standard would be applicable.

For those facilities and equipment, a reference to the
aﬁpllcable provisions in this standard should be included in
the acquisition contracts. To avoid any possible
msinterpretation, a statement-should be included in the
contract for those facilities and equi pment, that the words
"space systemfacility" and "space equipnent" in this standard
are to be interpreted as the applicable systemfacility and
equi pnent .

6.2 TALLORED APPL| CATI ON

The requirenents in each contract should be tailored to the
needs of that particular F(ogranl Mlitary specifications and
standards need not be applied in their entirety. l'y the

m ni mum requi rements needed to provide the basis for achieving
the program requirements shoul d be inposed. The cost of

I nposi ng each requirement of this standard should be eval uated
by the program of fice against the benefits that should be
realized. However, the risks and potential costs of not

i mposing requirenents shall also be considered.
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6.3 TOTAL oUALITY NMANAGEMENT.

The intent of the design and construction requirenents, and
qual ity assurance requirenents, SPpecl fied in this standard is
to assure that acceptable space facilities are acquired.
| n-process controls are al nost always a nore cost-effective way
of avoiding defects than the inposjtion of tests and
i nspections on conpleted units. Therefore, appropriate
in-process controls and other total quality management steps
shoul d be inposed toachieve the high q_allay an reliabilltY
goals required for space facilities. e testing requirements
specified are intended to be the | ast ﬁtep I n assurin }he
guallty of space facilities. Wwen it has been thoroughly

enonstrated that the purpose of a testing requirenment for any
characteristic has been nmet by the in-process controls or other
total quality managenment steps inplemented by the contractor
the contractor may petition the contracting officer for

approval to reduce the tests to sanpling tests, or if
appropriate, for deletion of the test.

6.4 SUBJECT TERM (KEY WORD) 11 STING

Air termnals

Bond straps

Bui | di ngs

Cabl e trays _

Cat hodi ¢ protection
Earth electrode

Earth resistivity

El ectrical power

El ectromagnetic conpatibility
El ectromagnetic pul se (EMWP)
EqugPptentlaI pl ane
Facility ground
Facility power

Filters

G ound Fault Detection
G oundi ng

G ound rods _
Harnoni ¢ Distortion

H gh frequency circuits
| sol ation _

Li ghtning 'protection
LiPhtning rods

Mul'ti poi nt ground

Power distribution
Shi el ded encl osures
Shi el di ng

Shi el ded roomns
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Structures

Techni cal ground
Techni cal power
Transfornmers

6.5 SUPERSESSI ON DATA.

This issue of ML-STD 1542B (USAF? is a conplete revision
that supersedes M L-STD-1542A (USAF) for new designs. Changes
inthe text fromthe previous 1ssue are indicated by a verti cal
bar in the margins. his was done as a conveni ence only and

t he government assunmes no Iiabilit%_whatsoever for an

i naccuracies in these notations. i dders and contractors are
cautioned to evaluate the requirenents of this docunent based
on the entire content irrespective of the narginal notations
and relationship to the last previous issue. ~The previous
issues remain in effect to cover previous procurenents.

cust odi ans Preparing Activity
Air Force - 19 Air Force - 19

(Project No. EMCS-F097)
Docunent 2283b/Arch 1432Db
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Figure 6 - Connections to Earth Electrode Subsystem
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FROM THE FILTER BACK, THE GREEN WIRE CONDUCTOR
SHOULD BE THE SAME AWG AS THE NEUTRAL TO PROVIDE A
PARALLEL PATH TO GROUND IN EVENT THE NEUTRAL OPENS.

LEGEND:
I i — — — NEUTRAL
o | — HoT
: : “—8—8- (:0EEN PROTECTIVE GROUND
| | NEUTRAL BUS UNGROUNDED
| . _ ., EARTHELECTRODE | NEUTRAL BUS GROUNDED
'I'T o | SUBSYSTEM I
T _: | : MOUNT ALL FILTERS REGARDLESS OF PHASE IN A SINGLE
Ur‘a . = l/ BOX THROUGH STUD, BRAZE BOTH SIDES.
‘__J|H
| | - >3 -3
| l [ U t U
P nepto | —o—0-0-0—0
|| Chee MOUNTING PLATE IN A STANDARD
| | | /_ FILTER(s) CONTAINER
1 PR ' o ]
' b, N / N / B / \ /)
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|
by l | I ) | | I
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|
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Figure 8 - Equipment Fault Protection Subsystem Grounding
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BRAZED —

410 AWG STRANDED
WIRE APPROXIMATELY
1.5m (5 ) LONG

CONCRETE

* No. 6 AWG
COPPER-CUD
STEEL WIRE MESH

15cm 16in,) ID
CEMENT/PVC _/
CONDUIT WITH RISER CAP

REINFORCEMENT
ROD (weld to wire mesh)

* See MIL-HDBK419 for spacing

Figure 10 - Detail of Typical Equipotential Gound Plane
for New Construction - H gh Frequency
Facilities Installation
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